Effects of disulfide bridges in domain I of Bacillus thuringiensis Cry1Aa delta-endotoxin on ion-channel formation in biological membranes.
The delta-endotoxin family of toxic proteins represents the major component of the insecticidal capability of the bacterium Bacillus thuringiensis. Domain I of the toxins, which is largely alpha-helical, has been proposed to unfold at protein entry into the membrane of a target insect, following models known as the penknife and umbrella models. We extended the analysis of a previous work in which four disulfide bridges were constructed in domain I of the Cry1Aa delta-endotoxin that putatively prevented unfolding during membrane partitioning. Using bioassays and voltage clamping of whole insect midgut instead of artificial lipid bilayers, it was found that, while toxicity and inhibition of the short-circuit current were reduced, only one of the disulfide bridges eliminated the activity of the toxins in the insect midgut membrane, and in that case, the loss of toxicity was due to the single amino acid substitution, R99C. It is proposed that at least alpha helices 4, 5, 6, and 7 and domain II partition in the midgut membranes of target insects, in support of an insertion model in which the whole protein translocates into the midgut membrane.